The study was concerned with the secondary functional compromise persons with long-term paraplegia contend with, that has been shown to be associated with wheelchair use. Of particular interest was the relationship between the level of thoracic spinal cord injury (SCI) and factors predisposing to rotator cu disorders (RCD), one of the most common upper extremity musculoskeletal complications linked with long-term SCI. Disorders of these peri-articular structures have previously been associated with impaired trunk postural control and abnormal muscle strength ratios in both able-bodied groups and in paraplegic athletes. Despite their neurologically intact shoulder joint musculature, high-level and low-level paraplegics have dierent degrees of trunk and pelvic stability available to them during activities of daily living (ADL). This fundamental functional anatomical dierence between high-level and low-level paraplegics had not previously been related to the diagnosis of RCD in a non-athletic long-term paraplegic population. Methods: A descriptive cross sectional study was undertaken to demonstrate the dierences in the prevalence of clinically diagnosed RCD in a high-level (n=22) and a low-level (n=20) group of persons with long-term paraplegia. Any perceived dierences were then related to the functional anatomical variations between the two groups. Inferences were made based on factors predisposing to RCD known to exist among both able-bodied and paraplegic athletes. The 42 subjects completed the Wheelchair User's Shoulder Pain Index (WUSPI) to establish the presence or absence of shoulder pain and the Musculoskeletal Function Assessment (MFA) instrument to determine dierences in functional ability and perceived degree of diculty within ®ve categories of ADL. Each participant underwent a clinical examination using validated provocative clinical tests and isometric muscle strength ratio testing. Results: There was a higher prevalence of RCD in the high-level group (P=0.009) which correlated with decreased trunk control (P=0.009). Dierences in ability to perform functional tasks were not shown to be greater in the high-level group, although there was a higher degree of perceived diculty in ADL. Muscle strength imbalances between the shoulder adductors and abductors were shown to be greater in the high-level group. Conclusions: The results of this study suggest that the functional anatomical dierences that exist within paraplegia contribute to the propensity of high-level paraplegic persons to suer from RCD. These ®ndings send a clear message to service-providers that greater acknowledgement of the dierences in trunk postural control speci®c to the level of thoracic SCI is required. This may have implications for the prescription of wheelchairs, assistive devices and instruction for alternative ADL techniques to this speci®c population.
Introduction
Researchers are giving more attention to predicting the long-term implications of spinal cord injury (SCI), in particular to the long-term health, medical and psychosocial outcomes and issues associated with both aging and the duration of injury. 1 ± 3 When improved survival is coupled with the fact that SCI typically occurs in early adulthood, it is clear that many SCI individuals are now likely to face several decades of living with the consequences of severe disability. It has only recently been acknowledged that SCI is not the static and unchanging condition that it was once thought to be. As spinally injured persons are surviving longer, a new set of problems has arisen as aging of the musculoskeletal system is superimposed on pre-existing disability. 4 Although there are discrepancies in the reported incidence of shoulder joint complex problems, the literature suggests that they become more prevalent by 12 to 15 years post-SCI. 5 ± 10 It is widely acknowledged that the problems occurring in the shoulder joint complex of SCI persons are a consequence of the increased stresses imposed by the reliance on the upper extremities. 4, 8, 9 However, little reference is made to the functional anatomical considerations associated with the weightbearing role the shoulder joint complex is forced to adopt, and even less to the signi®cance of the postural adaptations associated with the level of SCI. Deterioration of the shoulder joint complex, particularly among paraplegic persons, has been linked with excessive and/or repetitive loading associated with wheelchair mobility, depression lift transfers and activities of daily living (ADL). 4,6 ± 10 Maintenance of the high level of independence attained is dependent on the integrity of these joints.
When comparing the results of studies previously undertaken it is dicult to draw conclusions since the samples vary in age, gender, duration post-SCI and the method of de®ning mobility or lesion level (within the two distinct groups of tetraplegia and paraplegia). The relationship between the functional anatomy of the paraplegic's neurologically intact upper limb and shoulder joint complex superimposed on either a stable or unstable trunk and pelvis and the predisposition to shoulder joint complex problems had not been speci®cally applied to the level of the thoracic SCI. Also, little has previously been made of the dierences within paraplegia, despite evidence that dierences do exist. 11, 12 It is postulated that these are associated with the lack of trunk stabilisation due to the absence or impairment of abdominal and spinal muscle control that occurs in high-level paraplegia. Paraplegics with low-level SCI are able to partially support their body weight using functional abdominal and spinal muscle action. 11 Although reference has been made to the functional limitations resulting from the absence of abdominal and spinal musculature associated with SCI above T8, rehabilitative procedures do not appear to be considerate of this functional anatomical consideration. 11, 12 There have been extensive investigations into the mechanics of wheelchair propulsion, depression lift transfers, weight-relief lifts and the eects of aging and duration of SCI.
12 Speci®c to the current investigation are ®ndings suggesting that a relative shoulder adduction (ADD) to abduction (ABD) strength and internal rotation (IR) to ABD weakness have a causative role in the development of shoulder problems including RCD in the athletic paraplegic population. 6,13 ± 14 Central to the current study is a report, by Powers et al, 11 of a relationship between internal rotator muscle weakness and poor trunk stabilisation. These authors postulate that compromised trunk stability plays a signi®cant role in shoulder torque. Their results showed a statistically signi®cant isometric weakness of the glenohumeral joint (GHJ) internal rotators in the high-level paraplegic. They postulate that the trunk stabilisers provide a more erect posture and better support of the shoulder joint complex, thereby facilitating greater maximal isometric eorts in those subjects with neurologically intact trunk stabilisers. More recently, dierences in postural muscle responses in both highlevel and low-level paraplegic groups verify this association. 15 The speci®c objectives of this component of the investigation were to compare both the prevalence and functional implications of clinically diagnosed RCD between high-level and low-level persons with longterm paraplegia; and to identify associations between the presence or absence of trunk postural control and RCD, and the presence or absence of muscle strength ratio imbalances within each of the two groups speci®c to the level of thoracic SCI.
Methods
A cross-sectional study of the entire population of male SCI clients on record at the Spinal Injuries Unit (SIU), Burwood Hospital, Christchurch (referred to as Burwood SIU) who met the inclusion criteria was undertaken.
Subjects
The study was limited to male paraplegic persons, due to the availability of subjects, demographics and anthropometrical dierences between male and female persons. A sample of 48 clients under review by the Burwood SIU, with a past history of traumatic SCI and self-reported shoulder problems was sourced. All male clients with a history of traumatic SCI at 10 ± 24 years post-injury with complete spinal cord lesion (n=56) were included in the target population and a history of shoulder pain was determined from the clinical records. Attempts to contact these subjects were made, resulting in a sample population of 42 participants (85.7% response rate). The high-level group (n=22) was de®ned by a T2 to T7 lesion level, the low-level group (n=20) by T8 to T12 lesion level.
Measures
Simple descriptive information was used to ascertain the homogeneity of the two groups; including age, years post-SCI, bodyweight (excluding fat density) and depression lift transfers per day. Physical and lifestyle characteristics, vocational status and recreational involvement were included in the analysis, however, these results are not discussed in this paper. The clinical diagnosis of RCD (using the physical examination described by Maitland 16 ) within each group was compared, along with the presence or absence of trunk postural control. This assessment included ®ve critical tests and was used to gain a clinical impression of the integrity of the rotator cu musculature.
The Wheelchair Users Shoulder Pain Index 17 (WUSPI) and the Musculoskeletal Function Assessment 18 (MFA) index were used as self-report questionnaires to determine the presence or absence of impairment with ADL. 19 Language used within both the WUSPI and MFA required some adjustment for a New Zealand population. Five categories were used to determine any dierences between the two groups. These were mobility, self-care, rest and sleep, recreation and leisure, and lifestyle adjustment, coping and adaptation. Two sets of data were formed from each of the ®ve categories. This style allows for both a dichotomous yes/no response to the ability to perform a task (Question Ratings Scores) and the score from an ordinal scale 0 ± 5 used to determine the degree of diculty (Category Ratings Scores). 18 The physical examination included the ®ve impingement syndrome diagnostic tests described by Burnham et al 6 and substantiated by Gill and Magarey, 20 Magarey et al, 21 and Magarey. 22 These included tests to determine the presence of a painful arc in either ABD or elevation; a painful response to the impingement position; wasting of the supraspinatus or the infraspinatus fossae; pain on resisted ABD with either IR or external rotation (ER); and a positive response to an anterior or inferior instability test. Muscle strength testing was undertaken using a maximal isometric contraction against resistance using a pressure biofeedback cu (Pressure Biofeedback Stabiliser, Chattanooga Paci®c). Dierences between the two groups in the strength ratios of ABD to ADD, ABD to IR, and ABD to ER were determined.
Procedures
Ethical approval and informed subject consents were completed. The WUSPI and MFA were pre-tested by inpatient paraplegics at the Burwood SIU with reported shoulder problems associated with ADL and who did not ful®l the criteria to participate in this investigation. Prior to analysis the intra-rater, interrater reliability, speci®city and face validity of the measures were tested in a Pilot Study undertaken with a sample of 10 persons with paraplegia in the inpatient facility at the Burwood SIU. The results were analyzed in view of the extensive analysis of the psychometric properties undertaken on the WUSPI 23 and MFA. 24 This pre-testing of the instruments also assisted with determining the functional relevance, language difficulties and completion time. 12 Completion of the questionnaire preceded the physical examination and the investigator had no knowledge of each participant's response to the questionnaire. Clinical assessments were undertaken by an experienced physiotherapist, without prior knowledge of the diagnosis of the SCI consultant (taken from the clinical records). The critical tests were undertaken by the assessor and where possible repeated by a blinded research assistant. This was not achieved for seven persons (three high-level and four low-level) due to geographical diculties.
The sitting posture of the participant was observed both in his wheelchair and seated on a low plinth or table without support. Posterior and lateral twodimensional photographs were taken to verify the contour of the thoracic kyphosis; the resting position of the head; the resting position of the scapulae; the position of the scapulae during an attempt to maintain sitting balance; the position of the scapulae during an attempt to correct sitting posture; and the position of the scapulae during a cough. The ability to maintain and correct two postures were observed and during the physical examination.
The critical tests used to clinically diagnose RCD were undertaken on both dominant and non-dominant shoulders. Isometric muscle tests were undertaken with the participant seated upright on a low plinth or table using the opposite hand to hold onto the front edge of the surface. The shoulder was in neutral with 908 elbow¯exion and neutral supination and pronation. Using the biofeedback cu the maximum isometric reading of the best of three of ABD, ADD, IR and ER were recorded using a stable wooden platform vertically aligned to the subject for him to resist.
Statistical analysis
Descriptive statistics were used to describe, organise and summarise the data for each group for age, years post SCI, bodyweight and transfers per day. Appropriate non-parametric tests were used for non-normally distributed variables: Pearson Chi-square test was used to ascertain whether there were any dierences across the two groups for the clinical diagnosis of RCD using critical tests; Kruskal-Wallis and the Mann-Whitney Utests for both MFA scores and Levene's robust test of homogeneity of variances 25 was used on the muscle strength ratio scores because of the abnormal distribution of the data. Inferences were made, where possible, against predisposing factors to RCD known to exist among both the general able-bodied population, and able-bodied and paraplegic athletes. The level of signi®cance was set at 0.05.
Results
There were no signi®cant dierences in baseline characteristics between the high-level and low-level groups. The low-level group performed a mean three transfers per day more than the high-level group (dierence not signi®cant), but mean age (44.7 vs 44.6 years), years post SCI (19.1 vs 18.9 years) and bodyweight (80.9 vs 79.5 kg) were virtually identical. (Table 1 ).
Functional assessment instruments
The WUSPI con®rmed that all participants reported shoulder pain while performing ADL. There were no dierences between the two groups in the ability to perform the tasks within the ®ve categories of the MFA tested (Question Rating Scores). However, variation between the high-level and low-level groups in the perceived degree of diculty associated with undertaking a functional task in the presence of shoulder pain, as determined using the Category Rating Scores, were evident for all of the MFA Category Rating Scores (Table 2) .
Clinical diagnosis of rotator cu disorders
Eighteen of the 22 high-level paraplegics (81.8%) and eight of the 20 low-level paraplegics (40%) were diagnosed with RCD (Pearson Chi-Square test, (P=0.009). Fourteen of the high-level group had involvement of both shoulders and four the nondominant (Ndom) shoulder only (Table 3 ). Of the lowlevel group, four presented with both shoulders aected, and four with Ndom only. No individuals in either group presented with RCD aecting the dominant (dom) shoulder only.
Postural control Fourteen of the high-level group (63.6%) and four of the low-level group (20%) presented with both an incorrectable thoracic kyphosis and incorrectable scapulae protraction. Four of the high-level group (18.1%) and four of the low-level group (20%) were able to correct only the increased scapulae protraction (Table 4) .
Relation between diagnosis of RCD and impaired postural control Sixteen of the high-level group (72.7%) with both incorrectable postural habits were positively diagnosed with bilateral RCD as compared with only three of low-level participants (15%). One of the low-level group with one impaired postural habit was diagnosed with RCD aecting the Ndom shoulder only. There were two high-level persons (9%) presenting with neither clinically diagnosed RCD nor impaired postural control compared with eight in the low-level group (40%). Overall, there was a signi®cant relationship between any incorrectable posture and any diagnosis of RCD (Pearson Chi-Square test=12.48, df=3, P=0.006).
Muscle strength ratios
The only dierence shown between high-level and lowlevel groups was for the ABD to ADD isometric muscle strength ratios on the non-dominant (Ndom) shoulder (P=0.006).
Discussion
There is general consensus that shoulder pain is commonly associated with wheelchair use and that the most frequent diagnoses are of a musculoskeletal origin. 12, 26 Studies of shoulder joint complex problems and SCI have dierentiated between tetraplegia (with some distinctions made between levels) and paraplegia but have generally not acknowledged the dierences within paraplegia. 12 The paucity of studies aimed speci®cally at determining an association between trunk postural control and RCD provided the research question.
Results of the self-reported functional assessment instrument indicated that even in the presence of clinically diagnosed RCD, both groups (as expected) maintained a high level of functional independence. However, the degree to which the individual was functionally compromised was higher for the high-level group within each of the ®ve categories tested. The dierences in the degree to which individuals were functionally compromised while performing ADL tasks within the high-level group veri®es that it is not sucient to measure ability to perform functional tasks when attempting to ascertain functional status. 19, 27 It could be argued that the high-level group may have more diculty with the functional tasks because of greater impairment associated with the lesion level. This was considered by the investigators but accounted for by determining whether the level of independence between the two groups was dierent. Both groups were involved in a wide range of sport and recreation activities with no obvious dierences in participation between the two groups. The exception to this was in the presence of bilateral RCD three high-level subjects had changed, but not discontinued, their sporting activities due to bilateral shoulder pain.
Clinically diagnosed RCD was shown to be more prevalent in the high-level group and this correlated as expected, with greater evidence of impairment of both incorrectable habitual sitting postures amidst the highlevel group. However, because magnetic resonance imaging (MRI) or other imaging modality had not been available to con®rm lesion level, anatomical variation of the innervation of abdominal and spinal musculature was not accounted for.
The dierence between the two groups in shoulder ABD to ADD strength aecting the Ndom shoulder is of clinical interest because of the alleged relationship between RCD and muscle imbalances of the shoulder joint complex within the able-bodied athletic population. 28 ± 30 However, given that no other signi®cant muscle imbalances could be demonstrated, this result may be due to chance. The results of Burnham et al 31 to reliably measure position of the scapulae in three dimensions to determine whether the dierences in postural control, shown to be signi®cant in the sample population, could be reproduced more accurately in another sample. This would have allowed for the results to be applied more broadly within paraplegia. However, more recent studies by Seelen et al 32, 33 and Potten et al 15 provide further evidence that postural control dierences exist within paraplegia.
Functional expectations of paraplegics appear to be the same irrespective of the level of SCI; namely that manual wheelchair propulsion is usual and independent depression-lift transfers are a prerequisite for discharge following acute restorative rehabilitation. 12 The level of SCI within the larger population referred to as paraplegia' is frequently not de®ned, other than within competitive disabled sports organisations where dierences in functional ability are based on the level of SCI. 34 Upper limb strengthening and stretching regimes are not necessarily cognisant of the functional anatomy of the shoulder joint complex and frequently complications associated with the role of the shoulder as the weightbearing`ambulatory' structure do not appear to be acknowledged until pain and/or pathology exist. Furthermore, fashion-trends previously dictated the wheelchair design chosen, regardless of the presence or absence of eective sitting balance and neuromuscular control of the trunk stabilisers. The use of additional assistive devices to improve trunk postural control appear neither readily available nor acceptable to many paraplegic persons as they strive to maximise the capacity of intact motor function.
Recommendations
Individuals with SCI have historically demonstrated the ability to learn to modify their motor behaviour to best suit their physical capacity. 26 It therefore seems only reasonable to suppose that functional expectations are based on realistic possibilities ± if functional dierences within paraplegia exist they need to be acknowledged. Modi®cation of ADL techniques, wheelchair adaptations and the use of assistive devices may successfully override feelings of dependence if persons are educated appropriately during the early restorative phase.
Strategies may be as simple as ensuring that all paraplegic persons able to manoeuvre a manual wheelchair are provided with information on the functional anatomical limitations speci®c to their level of SCI including the implications of trunk stability and postural control mechanisms. Basic anatomy and joint mechanics could be easily described using readily accessible teaching tools.
Although speculative, it is suggested by the authors that the following strategies be implemented. Firstly, as a precaution against the development of RCD, the paraplegic person with limited trunk control requires vigilance with suitable wheelchair back support, consideration of abdominal binders or similar adaptative devices for more vigorous wheeling activities, and conscientious care with upper limb strengthening and stretching regimes. It is beyond the scope of this paper to outline speci®c upper extremity strengthening and stretching regimes that acknowledge the lack of trunk control and pelvic stability in the paraplegic with compromised sitting postural control.
Management of the persons already presenting with evidence of RCD also provides sucient material for a separate discussion. The key issues relate to improving trunk support, careful monitoring of wheeling as a form of`exercise', and consideration of the integrity of the larger axio-humeral and axio-scapular muscles that provide secondary support to the rotator cu and surrounding structures. Although controversial, it is also suggested that clinicians lower their threshold for consideration of powered wheelchair alternatives. Although not usual in New Zealand, early intermittent use of powered alternatives may be the single most eective measure for improving the life expectancy of the`weight bearing' shoulder.
Obviously these interventions need to be tested and a randomised control trial would be the recommended research design. Successful pragmatic adaptation to the use of assistive technology will only occur in spinally injured persons if evidence-based practices shape the fundamentals of clinical management.
